(Sigma), PSD95 monoclonal (ABR), GFP monoclonal and polyclonal (Molecular Probes) and ERK1/2 polyclonal (New England Biolabs) antibodies were purchased. Acetylated lysine antiserum was a gift of Dr. David Sinclair. The phosphoSer408-MEF2A antibodies were generated in rabbits and purified as described (S3) .
Immunoprecipitations and Immunoblotting
Cells were lysed in RIPA buffer (150mM NaCl; 10mM Na2HPO4, pH7.2; 50mM NaF; 2mM EDTA; 20mM N-ethylmaleimide; 1mM PMSF; 20µM NaVO4; 1% NP40; 1% sodium deoxycholate; 0.1% SDS; 10µg/ml Aprotinin). 293T cells were transfected by DNA-calcium phosphate precipitation and proteins were immunoprecipitated as described (S4) . Granule neuron lysates were pre-cleared with protein G-sepharose, incubated overnight with 2µg of monoclonal anti-MEF2 antibody, and immune complexes were precipitated with protein G-sepharose.
Lysates and immune complexes were denatured in Laemmeli buffer, separated by SDS-PAGE and immunoblotted as described (S3) . In Fig. 4B , MEF2A-SUMO as a fraction of total MEF2A signal in immunoblots was quantified using ImageJ software as 12.3±2.1%, 26.9±3.7%, and 38.0±4.1% for 0.05, 0.1, and 0.25 µg of MEF2A-SUMO, respectively (mean ± SEM; n = 3).
This corresponded to repression of wild type MEF2A transcriptional activity of 43.4±5.3%, 67.0±6.3%, and 85.3±2.9% by 0.05, 0.1, and 0.25µg of MEF2A-SUMO, respectively (mean ± SEM; n = 3) (Fig. 4B ). In Fig. 3 (F and G), approximately 12.2 +/-2.9% of endogenous MEF2A was sumoylated in neurons (mean ± SEM; n = 3); this stoichiometry is characteristic of sumoylation and thought to be sufficient to significantly alter protein function (S5, S6) .
Luciferase Assays
All luciferase assays were performed using a Dual Luciferase Assay kit (Promega) according to the manufacturer's instructions. The fold activation of a specific condition is defined as the renilla-normalized luciferase activity of that condition over the renilla-normalized luciferase activity of an experimental reference condition. For luciferase assays using G4-MEF2A fusion proteins and p5G4-E1b-luc, the reference condition is the GAL4-DNA binding domain and p5G4-E1b-luc. For luciferase assays using pMEF2x3-luc, the reference condition is pCDNA3 and pMEF2x3-luc. For luciferase assays using Nur77-luciferase, the reference condition is Nur77-luciferase and pCDNA3 in cerebellar culture media containing 5% calf serum and 5 mM KCl. For all assays using p5G4-E1b-luc and pMEF2x3, cells were lysed two days after transfection. For all assays using Nur77-luciferase, cells were allowed to recover for six hours after transfection, then switched to media containing 5% calf serum and either 5 or 25 mM KCl for 18 hours, and lysed.
Chromatin Immunoprecipitation
Chromatin immunoprecipitations were performed from 2x10 7 fixed neurons using a ChIP Assay Kit (Upstate) according to the manufacturers protocol using anti-MEF2A or anti-HA (control) polyclonal antibodies. Purified sheared DNA was subjected to PCR using Platinum PCR Supermix (Invitrogen) for two rounds of 32-35 cycles of amplification. For Nur77 the primers used were: Forward 5'-GCTTTACAACACCCCCTCCT-3' (round 1) or 5'-CCTAGTGGGTCTGGAAGCTG-3' (round 2) and reverse 5'-CGAGCTTTGGCCATACAAG-3' (both rounds). For nucleolin the primers used in both rounds of PCR were: Forward 5'-GAAATGCCCAGACCACCTAA-3' and reverse 5'-CCAGTAATCGCCTCTGGAAA-3'. PCR products were separated by agarose gel electrophoresis and visualized with ethidium bromide.
RT-PCR
RNA was extracted from 1.5x10 7 neurons using Trizol (Invitrogen) according to the manufacturers protocol. RNA was reverse-transcribed and PCR amplified using a Superscript One-Step RT-PCR kit (Invitrogen) according to the manufacturers protocol for 25-33 cycles of amplification. For Nur77 the primers used were forward 5'-TCTGCTCAGGCCTGGTGCTAC-3' and reverse 5'-GGCACCAAGTCCTCCAGCTTG-3'. For GAPDH the primers were forward 5'-TGCTGGTGCTGAGTATGTCG-3' and reverse 5'-CATGTCAGATCCACAACGG-3'. RT-PCR products were separated by agarose gel electrophoresis and visualized with ethidium bromide.
Cerebellar slice cultures and transfection
Slice cultures and transfections were done as described (S7) . Briefly, cerebella from postnatal day 9 rats were cut sagitally on a tissue chopper (McIlwain) into 400µm sections and transferred onto a porous membrane (Millipore). Slices were then maintained at an air-media interface in serum-containing MEM. Individual neurons were transfected after 2 days using biolistics (Helios gene gun, Bio-Rad) with 1µm gold particle coated with the test plasmids together with the GFP expression plasmid. Four days after transfection, slices were fixed in 4%
paraformaldehyde and subjected to immunohistochemistry using a rabbit antibody to GFP and stained with the DNA dye bisbenzimide (Hoechst 33258). Immunohistochemistry with the PSD95 antibody was done as described (S7, S8) . Because the MEF2 proteins promote the survival of neurons (S1, S2, S9-11), we included a plasmid encoding the anti-apoptotic protein
Bcl-xl to rule out the possibility that any effect of MEF2A knockdown on granule neuron morphogenesis might be due to altered cell death (S7, S12) .
Imaging and analysis of dendritic claws
Upon microscopic analysis of cerebellar slices, Z series of images of transfected granule neurons were obtained at 100X or 40X magnification on a Nikon inverted microscope linked to a DeltaVision deconvolution system (Applied Precision, Seattle, WA) and 3D reconstruction of Z series images was performed using softWorx (applied Precision, Seattle, WA). The percentage of primary dendrites per neuron that harbor dendritic claws were counted in transfected granule neurons in the IGL of organotypic cerebellar slices in a blinded manner. In testing the effect of calcium signaling on dendritic claws (Fig. 4D) , we found in additional experiments that increased activation of VSCCs with the agonist (-)BayK8664 in cerebellar slices inhibited the formation of claws (S13). These results further support the conclusion that calcium signaling inhibits postsynaptic dendritic differentiation.
Quantitation of PSD-95 puncta density
Images of transfected granule neurons were obtained at 100X as described above. Quantification of PSD95 puncta density was done as described for dendritic spines (S14). For each experimental series, all images were acquired with identical setting for exposure and photomultiplier gain. Maximum intensity point projection of Z series (5 optical sections, 0.5 µm z-step) were imported into the SPOT software (Diagnostic Instrument, Inc) and analyzed as follows. For measurements of PSD95 puncta density of dendrite harboring a claw, the distal region of the dendrite was divided into two sections: the claw and the shaft. The shaft was defined as a 10 µm region adjacent to the base of the claw (approximately twice the average length of the dendritic claw). For measurements of PSD95 puncta density of dendrites with tapered or bulbous ends, the tip region of the dendrite was defined as the distal region of the dendrite with a length equivalent to the average claw length measured in the same experiment and the shaft was defined as the 10 µm region adjacent to the tip. When the shaft reached the cell body before attaining a 10 µm length, the total region between the cell body and the claw (or tip region) was analyzed. Numbers of immunostained puncta present in the claw or in the shaft were analyzed after image thresholds were established and divided by the length of the claw or the length of the shaft respectively. Thresholds were chosen so that all recognizable punctate structures were included in the analysis.
Measurement of total dendritic length
Images of transfected granule neurons were captured randomly and in a blinded manner on a NIKON eclipse TE2000 epifluorescence microscope at a 40X magnification using a digital CCD camera (DIAGNOSTIC instruments) and imported into the SPOT imaging software. The dendritic length for each neuron corresponds to the sum of the lengths of all dendritic processes, measured from a single granule neuron.
Figure S1.
Figure S1: MEF2 expression in the developing rat cerebellar cortex. 10 µm cryosections from rat cerebella collected at postnatal day 6, 13 or 25 were subjected to immunohistochemistry using antibodies directed against MEF2A. Nuclei were counterstained with Hoechst 33258. EGL: external granule layer; ML: molecular layer; IGL: internal granule layer; P: postnatal day: Scale bar = 200 µm. MEF2A is expressed in granule and Purkinje neurons. In granule neurons, MEF2A expression persists in the IGL throughout the period of the establishment of synaptic connectivity. Figure S2 . Figure S2 . MEF2A-Res rescues the MEF2A knockdown-induced dendritic claw phenotype. In MEF2A knockdown neurons, the PSD95 puncta density in the tip region of tapered dendrites was not significantly different than in their shaft. In neurons in which MEF2A-Res was expressed in the presence of MEF2A knockdown, the PSD95 puncta density in the claws was significantly higher than in the shaft of transfected granule neuron dendrites (p<0.001, ANOVA followed by Bonferroni-Dunn post-hoc test, total number of neurons measured = 22). Figure S3 . Figure S3 . MEF2A knockdown does not reduce total granule neuron dendritic length in the cerebellar cortex. Cerebellar slices were transfected with the U6 or the U6/mef2a plasmid and analyzed as in Fig. 1E . The total dendritic length was not statistically different in MEF2A knockdown granule neurons as compared to control U6-transfected neurons (total number of neurons measured = 48). Figure S4 . Figure S4 . Specificity of MEF2A phospho Ser408 antibody. (A) Recombinant GST or GST-MEF2A (fusion of MEF2A amino acids 351-451 with GST) were subjected to an in vitro kinase reaction using purified activated JNK1 (Cell Signaling) followed by immunoblotting with the phosphoSer408-MEF2A antibody or the anti-MEF2A antibody. (B) Lysates of 293T cells transfected with expression plasmids encoding wild type MEF2A or a mutant MEF2A in which Serine 408 was replaced with alanine (MEF2AS408A) were subjected to immunoblotting with the antibody for MEF2A or with affinity purified phosphoSer408-MEF2A antibody. Figure S5 . Figure S5 . Membrane depolarization induces the dephosphorylation of endogenous MEF2A. Cerebellar granule neurons were equilibrated overnight in medium containing 5% calf serum, and treated for 1 hour in with 25mM KCl as indicated. Lysates were incubated for 2 hours at 30°C in the presence or absence of 200U/ml lambda phosphatase (λ ppase) and subjected to immunoblotting for MEF2A or ERK1/2. These results show that MEF2A is phosphorylated at multiple sites in granule neurons. These data also indicate that membrane depolarization did not increase levels of endogenous MEF2A in our experiments. C for the indicated times with a sumoylation reaction mix containing 1 µg HA-SUMO (purified from bacteria), 500 ng of the SUMO activating enzyme heterodimer SAE1/SAE2 (purified from insect cells), 500 ng of Ubc9 purified from bacteria, and 200 ng of Flag-PIASxα (human) purified from insect cells in 15 µl of sumoylation buffer (50 mM Tris-Cl pH 7.6, 1 mM DTT, 5 mM MgCl 2 , and an ATP regenerating system composed of 2 mM ATP, 60 mM creatine phosphate, and 150 µg/ml creatine kinase). Reaction products were subjected to immunoblotting with antibody to MEF2A. (B) Wild type or K403R mutant GST-MEF2A purified from bacteria were incubated with sumoylation reaction mix and subjected to immunoblotting with antibody to MEF2A. Figure S7 . Ubc9 enhances sumoylation and inhibits acetylation of MEF2A in a Ser408-dependent manner. Lysates of cells transfected with wild type or S408A mutant G4-MEF2A, HA-SUMO1, and HA-Ubc9 or control vector were subjected to immunoprecipitation and immunoblotting with the indicated antibodies as in Fig. 3C . Figure S8 . Figure S8 . Modification of endogenous MEF2A in granule neurons. Lysates of granule neurons prepared in the presence of NEM were immunoprecipitated with monoclonal antibody to MEF2A or control no antibody, and immunoblotted for MEF2A. An approximately 100 kD form of MEF2A indicated by an asterisk is of identical size to the NEM-sensitive MEF2 band (Fig. 3, F and G) and of appropriate size for sumoylated MEF2A. Lysates of transfected cells treated with vehicle control or 20µg/ml or cycloheximide (CHX) for the indicated length of time were subjected to immunoblotting with the MEF2A or ERK1/2 antibodies. MEF2A protein remaining as a percentage of initial abundance after 5 or 10 hours of CHX treatment was quantified using ImageJ software. The S408 and K403 mutations of MEF2A and fusion to SUMO had no significant effect on MEF2A protein turnover. After 10h of CHX treatment 57.7±6.5% of MEF2A-WT, 57±9.5% of MEF2A-K403R, 57.3±9% of MEF2A-S408A or 71.7±14.4% of MEF2A-SUMO remained (mean ± SEM; n = 3). Table S1 : The Sumoylation-Acetylation Switch (SAS) is a conserved motif in numerous transcription factors and coregulators. Public databases were screened using SCANSITE to detect sequences similar to the SAS motif found in MEF2A. Shown are representative conserved pairs of a subset of proteins containing the SAS motif, where Ψ is any large, hydrophobic amino acid. Proteins are listed by human gene name and species. SAS motif containing proteins shown are: ATF6 = Activating transcription factor 6 beta; ERR1= Estrogen related receptor alpha; ERR2 = Estrogen Related Receptor beta; ERR3 = Estrogen relater receptor gamma; ETS1 = Erythroblastosis virus E26 oncogene homolog 1; FOXC2 = Forkhead box protein C2; GATA-1 =
